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Description

Field of the Invention

The present invention relates to a strip tension control apparatus for controlling the tension of a strip by threading
the strip between a transportation roll and a movable transportation roll and moving the movable transportation roll. The
apparatus is adapted for maintaining a given strip tension in a process line for rolling or the like.

Description of the Related Art

In order to secure reliable quality of a strip in a process line for metal or nonmetal rolling or the like, it is necessary,
in general, to perform a continuous operation in the central section of the line while transporting the strip at a fixed
speed and applying a tension to the strip.

In the supply- or delivery-side section of the process line, limited-length strips are wound off or up in the form of
coils. At breaks in the coil jointing or at the time of recoiler change, each strip is accelerated, decelerated or stopped
supply- or delivery-side section.

In order to secure continuous operation in the central section despite such transitory acceleration, deceleration or
stopping in the supply- or delivery-side section, the process line is provided with a looper.

When the looper operates as the strips are decelerated, stopped, or accelerated in the supply- or delivery-side sec-
tion, however, a variation in tension may be transmitted from the supply- or delivery-side section to the strips in the con-
tinuously running central section. This transmission of the variation in tension adversely effects the quality of the strip
in the central section and causes the strips to meander, thus possibly breaking the strips.

To cope with this, a tension control apparatus has been proposed in Japanese Patent Laid-Open No. 1-308347.
The prior art apparatus includes a dancer roll disposed in the central section, whereby the transmission of the variation
in tension is deterred to apply a fixed tension to the strips.

The prior art tension control apparatus having the dancer roll is constructed in the manner shown in Fig. 4. In Fig.
4, a strip 1 is passed from one transportation roll 2 to the other transportation roll 2 via a dancer roll 3. The dancer roll
3 is linked to a wind-up drum 4 and a counterweight 6 by means of a wire 5, and the drum 4 is connected to a motor 8
through a speed reducer 7. The motor 8 causes the speed reducer 7 to rotate the wind-up drum 4, thereby moving the
dancer roll 3 up and down. The tension of the strip 1 is controlled by regulating the torque of the motor. Guide means 9
is used to fix the direction of action of the dancer roll 3.

However, the conventional prior art tension control apparatus having the dancer roll is helpless against a drastic
external variation in tension of the strip in the central section. In operation, high mechanical resistances are produced
between the dancer roll 3 and the guide means 9 and between the wind-up drum 4 and the wire 5.

The dancer roll 3 is subject to a high moment of inertia during the operation caused by the action of the wind-up roll
4, the motor means 8, and the speed reducer 7, as shown in Fig. 4.

A backlash of the speed reducer results in a delay in operation or a new variation in tension attributable to the action
of the dancer roll.

Furthermore, the conventional tension control apparatus having the dancer roll is quite helpless against a fine var-
iation in tension due to its great structural mechanical loss, backlash in its mechanical system, and high mechanical
resistance. Thus, the prior art does not permit high- accuracy tension control in response to variations in tension in a
continuous operation of the type described above.

From EP-A-161223, there is known a device for regulating the draught of the strip in a hot rolling mill. Said device
includes an arm pivotable about an axis parallel to the strip and perpendicular to the direction of strip movement. One
end of the arm is held in contact with the strip and carries a sensor which outputs electrical couple signals indicative of
the couple applied by the strip to the arm about the pivot axis of said arm. A processing and control unit is connected
to the couple sensor and to sensors for sensing the angular position of the arm to generate an error signal in depend-
ence on the difference between said couple signal and a reference couple signal. Furthermore, drive means are
arranged for changing the position of said arm in dependence on the error signal generated by the control and process-
ing unit.

Modern steel sheets for use in automobiles and the like are expected to respond quickly to a fine variation in ten-
sion, since they are made of very-low-carbon steel, have a small sectional area, and are transported at a super-high
speed, as high as 1,000 m/min, as they are processed. There is, therefore, a demonstrated need for advancement in
the art of continuous operation strip tension control.

The present invention has been contrived to solve the problems not addressed by the prior art. A first object of the
invention is to provide a strip tension control apparatus capable of controlling the tension of a strip with high responsive-
ness and high accuracy despite its drastic external variation.

A second object of the present invention is to provide a strip tension control apparatus capable of controlling the
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tension of a strip with good responsiveness and satisfactory accuracy by means of a small-capacity motor, despite a
fine variation in the strip tension.

The above objects of the present invention are achieved by the subject matter of claim 1.

Preferred embodiments and further improvements of the inventive apparatus for controlling the tension of a strip
are defined in the depending subclaims.

The torque of the arm is thus controlled by means of the arm driving motor, and the tension control is effected by
turning the movable transportation roll through the medium of the arm. In contrast with the case of the conventional prior
art dancer roll, neither the wind-up drum nor the wire is required, so that the mechanical resistance in the present inven-
tion is very small. Moreover, the absence of the wind-up drum and the like in the present invention minimizes the
moment of inertia of the machine axis system. Furthermore, since the arm driving motor is connected directly to the
supporting shaft there is no possibility of undergoing a delay in operation or a new variation in tension, which may be
caused by backlash when a speed reducer is used.

Despite its drastic variation externally introduced into the central section of a process line or the like, the tension of
the strip can be controlled with high responsiveness and high accuracy. Thus, very effective tension control which is
beyond the capability of the conventional prior art dancer roll can be enjoyed.

According to the present invention, the torque is generated in the arm by the following method, as well as by con-
necting the arm driving motor directly to the supporting shaft.

The supporting shaft is provided with a counterweight which is adjustable in position with respect to a direction per-
pendicular to the supporting shaft, and the torque around the supporting shaft is generated in the arm by means of the
counterweight. The torque to be generated in the arm can be controlled through the control of the motor torque and the
adjustment of the counterweight position.

The angle of swing motion of the arm is detected by means of the angle sensor, and the tension of the strip is
detected by means of the tension sensor. Based on the detected angle and the detected tension, the output of the arm
driving motor and the position of the counterweight are controlled to control the torque to be generated in the arm,
whereby the tension of the strip is controlled at the target tension.

Accordingly, the torque control by means of the arm driving motor and the torque control through the counterweight
position control can be effected in combination with each other.

Thus, the tension of the strip can be controlled with good responsiveness and satisfactory accuracy. In conse-
quence, very effective tension control which is beyond the capability of the conventional prior art dancer roll can be
enjoyed such that a fine variation of the strip tension can be eliminated with high accuracy.

Since the torque control by means of the arm driving motor and the torque control through the counterweight posi-
tion control is effected in combination with each other, the torque required of the motor can be reduced.

For example, an arm torque to be somewhat fixedly applied depending on the target tension can be obtained
through the adjustment of the counterweight position, while an arm torque which rises quickly in response to the varia-
tion in tension can be obtained through the torque control by means of the arm driving motor. Accordingly, the motor
must only bear the torque corresponding to the variation in tension, so that the motor requires only a small capacity.

Thus, the arm driving motor and a drive unit may be kept to a minimum resulting in an economical advantage. For
the initialization of a torque which makes up for the torque of the motor, moreover, reasonable tension control can be
ensured such that the torque control is effected through the counterweight position control and the motor can be used
for dynamic torque control. In consequence, high- accuracy tension control can be enjoyed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an outline of a first embodiment of the present invention, with parts in a layout
diagram;

Fig. 2 is a block diagram showing an outline of a second embodiment of the present invention, with parts in a layout
diagram;

Fig. 3 is a perspective view illustrating the principal part of the present invention shown in Fig. 2; and

Fig. 4 is a layout diagram showing an arrangement of a conventional prior art tension control apparatus using a
dancer roll.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now be described in detail with reference to the drawings.

A first embodiment of the present invention is a strip tension control apparatus constructed in the manner shown in
Fig. 1.

In the strip tension control apparatus of the present invention, as shown in Fig. 1, a strip 1 is threaded between
transportation rolls 2 and a movable transportation roll 10. The apparatus generally comprises a movable transportation
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roll 10, an arm 11, the supporting shaft 12, an arm driving motor 14, a tension sensor 15, an arm angle sensor 16, a
tension control section 30, bridle rolls 20, a bridle roll driving motor 21, and a strip speed control section 40. The tension
of the strip 1 is controlled through a pivoting movement of the roll 10 about the shaft 12.

The arm 11, one end of which is supported by the supporting shaft 12, is adapted to swing around the shaft 12, and
the movable transportation roll 10 is connected to the other end. The supporting shaft 12 is pivotally supported by bear-
ing means 13. Both axial ends of the roll 10 are supported by the arm 11.

The arm driving motor 14, which is coaxially connected to the supporting shaft 12, is used to generate a torque
around the supporting shaft 12, thereby applying a tension to the strip 1.

The arm angle sensor 16 is used to detect the angle of swing motion of the arm 11 or the rotational angle of the
arm driving motor 14. A detected angle 6 is entered in the tension control section 30 and the strip speed control section
40.

The tension sensor 15, which detects the tension of the strip 1, is located very close to the transportation rolls 2.
The tension control section 30 includes a tension controller 31, a dead load compensating arithmetic unit 32, and a ten-
sion angle compensating arithmetic unit 33. The tension controller 31 feeds back and comparatively calculates the
detected tension T from the tension sensor 15 with respect to the target tension Tr, and delivers the torque control com-
mand T1. The dead load compensating arithmetic unit 32 is used to compensate the moment of inertia for the dead load
of the movable transportation roll 10 and the arm 11 in accordance with the detected angle 6 from the angle sensor 16.
The tension angle compensating arithmetic unit 33 is used to compensate (output torque compensation) a change of
the relationship between the strip tension and the output torque of the arm driving motor 14 in accordance with the
angle of the arm 11.

The torque control command T1 is compensated by the respective outputs of the arithmetic units 32 and 33 to
become a compensatory torque command T1', which is entered in a current controller 34.

A current sensor 17 is provided for detecting the current of the motor 14 and feeding it back to the compensatory
torque command T1'. The torque command T1' or current command fed back in this manner is entered in the current
controller 34. The current controller 34 is used to enter a command for controlling the input current (torque) of the motor
14 in a motor driver 18 in response to the input current command.

As an example, the dead load compensating arithmetic unit 32 may carry out dead load compensation in the fol-
lowing.

If the dead load of the movable transportation roll 10, the arm 11, the distance between its center of gravity and a sup-
porting point, and the angle of displacement of the arm 11 from its horizontal position (at angle of 0°) are W, Lo, and 6,
respectively, a torque compensation value Tqgs for the dead load is given by

Tgs = W+ Lo « coso @)

The torque for the dead load is compensated by adding the torque compensation value Tgs to the tension com-
mand T1.

As an example, the tension angle compensating arithmetic unit 33 may carry out output torque compensation in the
following manner.

If the strip tension and the distance between the arm 11 and the supporting shaft 12 are To and Lr, respectively, an
output torque compensation value Tqt for the compensation of the output torque based on the angle 6 is given by

Tqt =2To « Lr » coso (2

The output torque is compensated by adding the output torque compensation value Tqt to the tension command.

The strip speed control section 40 controls the transportation speed of the strip 1 so that it is adjusted to a target
speed Vr, and controls the angle 6 of the arm 11 for a target angle Ar.

The speed control section 40 includes an angle controller 41, a dead band generator 42, and a speed controller 43.
The angle controller 41 compares the target angle Ar and the detected angle 6, and delivers speed modification com-
mands for correcting the angle of the arm 11. The dead band generator 42 supplies the speed controller 43 with a
speed modification command, among others, of which a fine transient variation of angle is cut off. The speed controller
43 controls the speed of the bridle roll driving motor 21, and hence, the rotational speed of the bridle rolls 20 in response
to the corrected speed modification command thereby adjusting the transportation speed of the strip so that the angle
of the arm is fixed.

The dead band generator 42 serves to remove a fine transient variation of angle in a speed modification signal for
angle correction, since any transient signal variation is harmful.

The following is a description of the operation of the apparatus of the first embodiment. In the tension control appa-
ratus shown in Fig. 1, the strip 1 is windingly fed through the bridle rolls 20, threaded between the one transportation
roll 2, the movable transportation roll 10, the other transportation roll 2, and then delivered to a subsequent stage of
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flow. During this process, the tension sensor 15 detects the tension T of the strip 1, and the angle sensor 16 detects the
angle 6 of the arm 11 fitted with the roll 10, to its horizontal position. The detected tension T and the detected angle 6
are entered in the tension control section 30, and at the same time the target tension Tr is set in the control section 30.
The detected tension T is fed back to the target tension Tr, whereupon the torque control command T1 is obtained.

Meanwhile, the detected angle 0 is entered in the dead load compensating arithmetic unit 32 and the tension angle
compensating arithmetic unit 33, whereupon the units 32 and 33 calculate the torque compensation value Tgs for the
dead load and the output torque compensation value Tqt of the tension according to equations (1) and (2). These com-
pensation values are added to the tension command T1 so that the command T1 is compensated to become the com-
pensatory torque command T1'.

The compensatory torque command T1'is entered as a torque command value, that is, a current command value,
in the current controller 34. In response to this torque command T1', the current controller 34 controls the motor driver
18 thereby regulating the torque of the arm driving motor 14, and hence, the tension of the strip 1. In this case, the
motor current detected by means of the current sensor 17 is fed back to the compensatory torque command T1', and
entered in the current controller 34. In response to this torque command T1', the current controller 34 controls the cur-
rent supply from the motor driver 18 to the arm driving motor 14, thereby regulating the motor current so that the torque
of the motor 14 is adjusted to the command value T1'.

In order to correct the angle by comparing the angle 6 with the predetermined target angle Ar, the speed controller
43 delivers the speed modification command for the line speed Vr. In this case, the fine transient angle variation is
removed by means of the dead band generator 42 to prevent a hindrance.

Thereatter, the speed correction signal is added to the target line speed Vr and is entered as a speed command in
the speed controller 43. In response to the input speed command, the speed controller 43 controls the bridle roll driving
motor 21, thereby adjusting the transportation speed of the strip and the angle 6 of the arm 11 to the target speed Vr
and the target angle Ar, respectively.

Table 1 shows results of comparison between the strip tension control apparatus of the present embodiment and
the conventional prior art tension control apparatus using the dancer roll.

Table 1
No. ltems Prior Art | First Embodiment Remarks
1 | GD? (Machine axis) | Great Small Approx. 1/2 of prior art
2 Mechanical loss Great Small Prior art level: about 50 kg*' Embodiment: about 2 kg*?
3 Backlash Some None Due to direct connection of motor

*1: In strip tension equivalent
*2: Frictional torque of bearing means only

In this case, compared factors include moment of inertia GD2, mechanical loss, and backlash. The moment of iner-
tia of the apparatus of the present embodiment is about half that of the conventional apparatus. The mechanical loss of
the apparatus of the first embodiment is about 2 kg in terms of strip tension, as compared with about 50 kg for the con-
ventional apparatus. This is because the apparatus of the present embodiment involves only the frictional torque of the
bearing means of the supporting shaft whereas the conventional apparatus is subject to a mechanical loss of the up-
and-down motion mechanism for the dancer roll.

Although the conventional apparatus is subject to backlash, the apparatus of the first embodiment is not. This is
because the motor is connected directly to the arm supporting shaift.

A second embodiment of the present invention will now be described.

The second embodiment is a strip tension control apparatus constructed in the manner shown in Fig. 3. As shown
in Fig. 3, this strip tension control apparatus, which is constructed substantially in the same manner as the apparatus
of the first embodiment, further comprises a counterweight 50, a counterweight position shifting motor 51, and a coun-
terweight position sensor 52.

The counterweight 50 is arranged on an arm 11 for movement in the longitudinal direction of the arm (or at right
angles to a supporting shaft 12). A torque generated in the arm 11 is controlled by adjusting the longitudinal position of
the counterweight 50. The counterweight 50 is moved by driving the counterweight shifting motor 51. The position of
the counterweight 50 is detected by means of the counterweight position sensor 52, and is entered in a tension control
section 30 (dead load compensating arithmetic unit 32 in the section 30).

More specifically, the tension control section 30 includes a tension controller 31, the dead load compensating arith-
metic unit 32, a tension angle compensating arithmetic unit 33, and a counterweight position setter 54. The tension con-
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troller 31 feeds back and comparatively calculates a detected tension T with respect to a target tension Tr, and delivers
a torque control command T1. The dead load compensating arithmetic unit 32 is used to compensate the moment of
inertia for the dead load of a movable transportation roll 10 and the arm 11 in accordance with a detected angle 6 from
an angle sensor 16. The tension angle compensating arithmetic unit 33 is used to compensate (output torque compen-
sation) a change of the relationship between the strip tension and the output torque of an arm driving motor 14 in
accordance with the angle of the arm 11. The counterweight position setter 54 is used to set the position of the coun-
terweight 50 in accordance with the target tension Tr.

In response to the set target tension Tr, the counterweight position setter 54 calculates the position St of the coun-
terweight 50 and applies a signal indicative of this position St to a counterweight drive section 53. The calculation of the
counterweight position St will be described in detail later.

In response to the input position signal, the counterweight drive section 53 drives the counterweight position shift-
ing motor 51 to move the counterweight 50 so that the counterweight 50 is located in the position set by means of the
setter 54.

The speed control section 40 includes an angle controller 41 and a speed controller 43. The angle controller 41
compares a target angle Ar and the detected angle 0, and delivers a speed modification command for correcting the
angle of the arm 11. The speed controller 43 controls the speed of the bridle roll driving motor 21, and hence, the rota-
tional speed of the bridle rolls 20 in response to the delivered speed modification command thereby adjusting the trans-
portation speed of the strip so that the angle of the arm is fixed.

For other parts, the second embodiment is arranged in the same manner as the first embodiment, so that like ref-
erence numerals are used to designate the same parts throughout the drawings.

The following is a description of some processes of operation which differentiate the second embodiment from the
first embodiment. The target tension Tr is entered in the counterweight position setter 54, whereupon the setter 54 cal-
culates the position St of the counterweight 50 in accordance with the input target tension Tr, and sets it in the counter-
weight drive section 53. When the target tension is set, or when the set target tension is changed, the counterweight
position is set in the following manner.

If the strip tension is T, a torque Tq required for the counterweight shifting motor 51 is given by

Tg=2+TeLr + Wm+Lm - (Ws +St+ Wr-Lr+ Wf-Lf) (3)

where Lr is the distance between the central axis of the movable transportation roll 10 and the supporting shaft 12, Lf
is the distance between the center of gravity of the arm 11 and the shaft 12, Lm is the distance between the center of
gravity of the counterweight shifting motor 51 (including the sensor and the like) and the shaft 12, Wr is the weight of
the roll 10, Ww is the weight of the counterweight 50, Wf is the weight of the arm 11, and Wm is the weight of the coun-
terweight shifting motor 51 (including the sensor).

In the second embodiment, as shown in Figs. 2 and 3, the counterweight shifting motor 51 is located on the oppo-
site side of the supporting shaft 12 with respect to the movable transportation roll 10, so that a torque Wm « St on the
arm 11, which is based on the weight Wm of the motor 51, acts in the same direction as the tension of the strip on the
arm 11 as indicated by the first term of equation (3).

If the torque of the arm driving motor 14 and the target tension are Ctq and Tref, respectively, the counterweight
position St, based on equation (3), is given by

St=(2Tref « Lr + Wm < Lm) - (Wr « Lr + Wf - Lf + Ctq)/Ww (4)

The movable range (between the maximum and minimum values of the position St) for the counterweight 50 should
be established by setting the maximum and minimum values of the necessary target tension Tref for operation at eco-
nomical values which ensure minimized moment of inertia and required performance in consideration of the torque Ctq
of the motor 14 and other constants in equation (4).

After the movable range for the counterweight 50 is established in this manner, the counterweight position St is
determined so that the counterweight 50 is situated as close to the supporting shaft 12 of the arm 11 as possible within
a range permitted by the torque CTq of the motor 14. Accordingly, the moment of inertia is lowered so that tension con-
trol can be effected with high sensitivity.

After the counterweight position St is determined in this manner, the counterweight 50 is moved to the determined
position St to obtain the target tension Tref when the time comes for the tension setting or set tension change.

In doing this, the counterweight 50 is moved from its stop position to the position St with a certain speed pattern.
Thus, the target value Tref of the strip tension cannot be attained immediately when the time comes for the tension set-
ting or set tension change, so that the tension control is subject to delay.

In order to eliminate this control delay, the position of the counterweight 50 is first detected by means of the sensor
52 and fed back to the tension control section 30 whereby the torque Tq of the motor 14 for the target tension value Tref
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of equation (3) is dynamically calculated. Then, the calculated torque Tq is entered in the current controller 34 so that
the torque Tq is applied to the arm 11 by means of the arm driving motor 14.

Thus, the delay of the tension control of the counterweight 50 is compensated so that the tension of the strip 1 can
be controlled for the target tension Tref without a delay in the timing for tension setting or set tension change.

In the second embodiment, the counterweight 50 is arranged for movement on the arm 11 so that it is adjustable
in position with respect to a direction perpendicular to the supporting shaft 12. According to this embodiment, however,
the counterweight may be arranged on any suitable means other than the arm which is movable at right angles to the
supporting shaft.

According to the present invention, as described herein, the tension of the strip can be controlled with high respon-
siveness and high accuracy despite its drastic variation externally introduced into the central section or the like. Since
the counterweight is provided on the supporting shaft, moreover, the strip tension can be controlled with good respon-
siveness and satisfactory accuracy by means of the small-capacity motor, despite a fine variation in the strip tension.
In setting the strip tension or changing the set tension, furthermore, the tension can be adjusted to the desired target
value. Thus, very effective tension control which is beyond the capability of the conventional dancer roll can be enjoyed.
An investigation made by the inventor hereof indicated that the apparatus of the present invention can effect high-accu-
racy tension control such that the variation in the strip tension can be reduced to about 1/3 as compared with the con-
ventional case.

Claims

1. An apparatus for controlling the tension of a strip (1) by continuously threading the strip (1) between the upper side
of a transportation roll (2) and the lower side of a movable transportation roll (10) and moving the movable trans-
portation roll (10), the strip tension control apparatus comprising:

an arm (11) having an end coupled with the movable transportation roll (10) for swinging the movable transpor-
tation roll (10) in a vertical direction;

a supporting shaft (12) having an axis parallel with the transportation roll (2) and mounted so as to swing said
arm (11) by being rotatably supported by bearing means (13);

an arm driving motor (14) connected coaxially and directly to the supporting shaft (12) and generating a torque
in the arm (11) around the supporting shaft (12) thereby applying a tension to the strip (1);

an arm angle sensor means (16) for detecting the angle of swing motion of the arm (11);

a strip tension sensor means (15) which detects the load which is applied to said transportation roll (2) via the
strip tension; and

a tension control means (30) for correcting the torque to be generated in the arm (11) in accordance with said
detected angle and said tension thereby controlling the tension of the strip (1) for a target tension.

2. The strip tension control apparatus according to claim 1, further comprising:

a motor torque control means for controlling the torque of the arm driving motor (14);

a counterweight (50) disposed on the supporting shaft (12), said counterweight being adjustable in position
with respect to a direction perpendicular the supporting shaft and serving to generate the torque in the arm
(11) around the supporting shaft, a counterweight position adjusting means for adjusting the perpendicular
position of the counterweight to control the torque to be generated in the arm;

and means (17) for controlling the torque to be generated in the arm in accordance with the detected angle and
the detected tension under the control of the motor torque control section and the counterweight position
adjusting section so that the target tension is attained by the strip tension.

3. An apparatus according to claim 1, wherein the tension control means (30) includes:

a tension controller (31) for delivering a torque control command based on a comparison of a detected tension
and the target tension;

a dead load compensating arithmetic unit (32) for compensating torque for a dead load of a movable transpor-
tation roll (10) and the arm (11) based on the angular position detected by the angle sensor means (16);

a tension angle compensating arithmetic means (33) for compensating a change of the relationship between
the strip tension and the output torque of the arm driving motor (14) based on the angular position of the arm;
and

a current controller means for controlling the arm driving motor (14) based on a compensated torque command
obtained as a sum of the torque control command, an output of the dead load compensating arithmetic unit
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(32) and an output of the tension angle compensating arithmetic means (33).

4. A strip tension control apparatus according to claim 2, wherein said tension control means (30) includes:

a tension controller means (31) for feeding back and comparatively calculating the detected tension with
respect to the target tension and delivering a torque control command;

a dead load compensating arithmetic unit (32) for compensating the moment of inertia for the dead load of the
movable transportation roll (10) and the arm (11) in accordance with the detected angle from the angle sensor
(16);

a tension angle compensating arithmetic means (33) for compensating a change of the relationship between
the strip tension and the output torque of the arm driving motor (14) in accordance with the angle of the arm
(11);

and a current controller means for controlling the arm driving motor (14) in accordance with the compensated
torque command.

Patentanspriiche

Vorrichtung zur Regelung eines Bandzuges durch kontinuierliches Einfiihren des Bandes (1) zwischen die Ober-
seite einer Transportrolle (2) und die Unterseite einer beweglichen Transporirolle (10) und durch Bewegen der
beweglichen Transportrolle (10), wobei die Vorrichtung zur Regelung des Bandzuges umfaBt:

einen Arm (11) mit einem mit der beweglichen Transportrolle (10) zum Zwecke des Verschwenkens der beweg-
lichen Transportrolle (10) in eine vertikale Richtung verkuppelten Ende;

eine Stutzwelle (12) mit einer Achse, die parallel zur Transportrolle (2) zum Verschwenken des Armes (11)
angebracht ist, der drehbar durch eine Lagereinrichtung (13) gelagert ist;

einen Motor (14) fur den Antrieb des Armes (11), der koaxial und direkt mit der Stiitzwelle (12) verbunden ist
und ein Drehmoment im Arm (11) um die Stutzwelle (12) erzeugt, wodurch das Band (1) mit Zug beaufschlagt
ist;

eine Armwinkel-Sensoreinrichtung (16), zum Erfassen des Winkels der verschwenkenden Bewegung des
Armes (11);

eine Bandzug-Sensoreinrichtung (15), die die Last erfaBt, mit der die Transportrolle (2) durch den Bandzug
beaufschlagt ist; und

eine Zug-Regelungseinrichtung (30) zur Korrektur des Drehmoments, das im Arm (11) gemaB dem erfaBten
Winkel und des Zuges erzeugt werden soll, Wodurch der Bandzug auf einen Endzug geregelt ist.

2. Vorrichtung zur Regelung des Bandzuges nach Anspruch 1, ferner umfassend:

eine Einrichtung firr die Regelung des Motor-Drehmoments zur Regelung des Drehmoments des Motors (14)
fur den Armantrieb;

ein auf der Stltzwelle (12) angeordnetes Gegengewicht (50), das in einer zur Stiitzwelle rechtwinkligen Posi-
tion einstellbar ist und dazu dient, das Drehmoment im Arm (11) um die Stiitzwelle zu erzeugen;

eine Einrichtung zum Einstellen der rechtwinkligen Position des Gegengewichts zur Regelung des im Arm (11)
zu erzeugenden Drehmoments; und

eine Einrichtung (17) zur Regelung des im Arm (11) entsprechend dem erfaBten Winkel und dem erfaBten Zug
zu erzeugenden Drehmoments und dem erfaBten Zug, die durch den Bereich fiir die Regelung des Motordreh-
moments und den Bereich fur die Einstellung der Position des Gegengewichts geregelt ist, so daB der Endzug
mit Hilfe des Bandzuges erhaltlich ist.

3. Vorrichtung nach Anspruch 1, wobei die Vorrichtung (30) zur Regelung des Zuges umfaBi:
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einen Zugregler (31) der einen Drehmoment-Regelungsbefehls liefert, der auf einem Vergleich eines erfaBten
Zuges und des Endzuges beruht;

eine Ruhelast kompensierende arithmetische Einheit (32) zur Kompensierung des Drehmoments flr eine
Ruhelast der beweglichen Transportrolle (10) und des Arms (11) beruhend auf der mit Hilfe der Winkelsensor-
einrichtung (16) erfaBten Winkelposition;

eine Zugwinkel kompensierende arithmetische Einrichtung (33) zur Kompensierung einer Anderung der Bezie-
hung zwischen dem Bandzug und dem Ausgangsdrehmoment des Motors (14) fur den Armantrieb, basierend
auf der Winkelposition des Armes; und

eine Stromreglereinrichtung zur Regelung des Motors (14) fur den Armantrieb, beruhend auf einem kompen-
sierten Drehmomentbefehl, der eine Summe des Drehmomentregelungsbefehls, eines Ausgangssignals der
Ruhelast kompensierenden arithmetischen Einheit (32) und eines Ausgangssignals der Zugwinkel kompensie-
renden arithmetischen Einrichtung (33) ist.

4. \Vorrichtung nach Anspruch 2, wobei die Zugregelungseinrichtung (30) umfaBt:

eine Zugreglereinrichtung (31) zum Rickschalten und zum mit dem Endzug vergleichend Berechnen des
erfaBten Zuges sowie zum Liefern eines Drehmomentregelungsbefehls;

eine Ruhelast kompensierende Einheit (32) zur Kompensierung des Tragheitsmoments der Ruhelast der
beweglichen Transportrolle (10) und des Armes (11) gemaB dem vom Winkelsensor (16) erfaBten Winkel;

eine Zugwinkel kompensierende arithmetische Einrichtung (33) zur Kompensierung einer Anderung der Bezie-
hung zwischen dem Bandzug und dem Ausgangsdrehmoment des Motors (14) fir den Armantrieb entspre-
chend dem Winkel des Armes (11);

und eine Stromregler-Einrichtung zur Regelung des Motors (14) fir den Armantrieb geman dem kompensier-
ten Drehmomentbefehl.

Revendications

1. Dispositif de commande de la tension d'une bande (1) en engageant en continu la bande (1) entre le c6té supérieur
d'un rouleau de transport (2) et le cété inférieur d'un rouleau de transport mobile (10) et en déplagant le rouleau de
transport mobile (10), le dispositif de commande de la tension de la bande comprenant :

- unbras (11) ayant une extrémité couplée au rouleau de transport mobile (10) pour faire basculer le rouleau de
transport mobile (10) dans une direction verticale ;

- un arbre support (12) ayant un axe paralléle au rouleau de transport (2) et monté de fagon a faire basculer ledit
bras (11) en étant supporté en rotation par des moyens (13) formant paliers ;

- un moteur d'entrainement (14) du bras couplé coaxialement et directement a I'arbre support (12) et générant
un couple dans le bras (11) autour de I'arbre support (12), appliquant ainsi une tension sur la bande (1) ;

- un moyen (16) formant détecteur de position angulaire pour détecter I'angle du mouvement de basculement
du bras (11) ;

- un moyen (15) formant détecteur de la tension de la bande qui détecte la charge qui est appliquée sur ledit
rouleau de transport (2) via la tension de la bande ; et

- un moyen (30) de commande de la tension pour corriger le couple a générer dans le bras (11) en conformité
avec ledit angle détecté et avec ladite tension, contrélant ainsi la tension de la bande (1) pour avoir une tension
cible.

2. Dispositif de commande de la tension d'une bande selon la revendication 1, comprenant en outre

- unmoyen de commande du couple moteur pour commander le couple du moteur d'entrainement (14) du bras ;

- un contrepoids (50) disposé sur I'arbre support (12), ledit contrepoids étant réglable en position par rapport &
une direction perpendiculaire a I'arbre support et servant a générer le couple dans le bras (11) autour de
l'arbre support, un moyen de réglage de la position du contrepoids pour régler la position perpendiculaire du
contrepoids pour commander le couple a générer dans le bras ; et
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- unmoyen (17) pour commander le couple a générer dans le bras en conformité avec I'angle détecté et avec la
tension détectée sous le conirdle de la partie commande du couple moteur et de la partie réglage de la posi-
tion du contrepoids, de sorte que la tension cible est atteinte par la tension de la bande.

Dispositif selon la revendication 1, dans lequel le moyen (30) de contrdle de la tension comprend :

- un contrdleur (31) de tension pour fournir une instruction de commande de couple basée sur une comparai-
son d'une tension détectée et de la tension cible ;

- une unité arithmétique (32) de compensation de charge statique pour compenser le couple pour une charge
statique d'un rouleau de transport mobile (10) et du bras (11) d'aprés la position angulaire détectée par le
moyen (16) formant détecteur de position angulaire ;

- un moyen arithmétique (33) de compensation de I'angle de tension pour compenser une modification de la
relation entre la tension de la bande et le couple de sortie du moteur d'entrainement (14) du bras d'aprés la
position angulaire du bras ; et

- un moyen formant régulateur de courant pour commander le moteur d'entrainement (14) du bras d'aprés une
instruction de commande du couple compensé obtenue comme étant la somme de linstruction de commande
du couple, d'une sortie de l'unité arithmétique (32) de compensation de charge statique et d'une sortie du
moyen arithmétique (33) de compensation de I'angle de tension.

Dispositif de contrdle de la tension d'une bande selon la revendication 2, dans lequel ledit moyen (30) de contréle
de la tension comprend :

- unmoyen (31) formant contréleur de tension pour boucler et calculer, comparativement la tension détectée par
rapport & la tension cible et fournir une instruction de commande de couple ;

- une unité arithmétique (32) de compensation de charge statique pour compenser le moment d'inertie concer-
nant la charge statique du rouleau de transport mobile (10) et du bras (11) en conformité avec I'angle détecté
par le détecteur (16) de position angulaire ;

- un moyen arithmétique (33) de compensation de I'angle de tension pour compenser une modification de la
relation entre la tension de la bande et le couple de sortie du moteur d'entrainement (14) du bras en conformi-
té avec l'angle du bras (11) ; et

- un moyen formant régulateur de courant pour commander le moteur d'entrainement (14) du bras en conformi-
té avec l'instruction de commande du couple compensé.

10
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